The discussion regarding the relation of design and research in landscape architecture started somewhat later than in other design disciplines. But the past decade has shown a sharp rise of publications on 'research through/by design(ing)' (RTD). The literature has now reached a level of richness that enables a review of the State of the Art and a differentiation of types of contributions to the discourse. We reviewed more than 200 publications (scientific journal papers, conference papers, PhD theses, MSc theses and others) on RTD in relation to landscape architecture and closely related disciplines. The review shows that a rather small portion of the publications deals with RTD a scholarly sense. The remaining portion of scholarly publications offered a useful base for further scrutiny. We categorised the relevant literature according to types of publications and the epistemological stances taken. Based on this categorisation we identified areas that need further research and thus sketched an agenda for further research on RTD in landscape architecture.
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Introduction
Landscape architecture has developed from a professional discipline into an academic discipline in the past few years (Benson, 1998; Milburn & Brown, 2003; Milburn, Brown, & Paine, 2001; van den Brink & Bruns, 2014) . As designing landscapes and urban environments tackles spatial concerns of various scales and a wide spectrum of issues from the natural and social realm, designing is a very complex activity. Therefore, landscape architecture embraces approaches such as 'evidence based' design. These approaches are based on research results from other disciplines (e.g. ecology or environmental psychology) and offer thorough legitimations of design decisions (Brown & Corry, 2011; Deming & Swaffield, 2011) in site-specific designs. 'Evidence based design' formed the major efforts in research related to landscape architecture for a long time. Most of this research would range under 'research on design' and 'research for design' when categorizing it according to Frayling's (1993) terms. This evidence was mainly produced by other disciplines and was of descriptive nature.
However, descriptive knowledge of a status quo is not sufficient to support design decisions that aim at future conditions of cities and landscapes. There is a need to develop more knowledge about projected new states of cities and landscapes and on how to assess them. Furthermore, more recently it also occurred that there is a need to generate knowledge that goes beyond the support of site-specific design. Designers in practice often find it difficult to translate 'evidence' from other disciplines into practical application, especially when knowledge is very abstract (Eliasson, 2000; Kantrowitz, 1985; Nassauer & Opdam, 2008) . Additionally, in practice time constraints or simply the nature of assignments can make it hard for design professionals to find relevant evidence that can inform their designs. As a further consequence, this lack of evidence also makes it hard to assess design results on a reliable basis.
Due to this, designers ask for various kinds of design directives (guidelines, principles, prototypes and recommendations) to bridge this gap and, thus, to make knowledge easily applicable in design practice in different locations. Such design directives differ substantially from the ones developed in other disciplines as the scale and complexity of landscape architectural artefacts are unlike the ones designed in other disciplines such as in industrial design or architecture. These disciplines usually focus on smaller scale designs and more delimited design assignments. Furthermore, many landscape architectural assignments have to respond to a higher degree of unpredictability and thus need other types of design directives. Plan analysis of existing precedents is a useful way to identify design directives, as results of design (realized plans) are an important source of knowledge and evidence of which planning and design principles function well or not. This type of knowledge can serve as the basis for future designs (Nijhuis & Bobbink, 2012) . However to study design directives for entirely new conditions, rigorous research through design is required to explore the breadth of future design possibilities beyond the precedents. Apart from that, designers in practice are increasingly urged to legitimize their design decisions towards a critical public. This requires conscientious designing and rigorous testing of design alternatives.
These developments in the field lead to increased efforts in identifying landscape architecture's methods to combine research and design in common research processes in which the designs form the object of the inquiry. Usually these methods are termed 'Research by design' and 'Research through design(ing)' (RTD). They are research processes actively employing the act of designing. They are research methods 'native' to designers "that places the making of original creative work at the centre of the inquiry" (Carruth, 2015) . RTD can help shaping the designing activities of landscape architecture as research methods. As a form of 'evidence based design', in RTD processes "designs are not made intuitively, but based on study (experimental design study), recording, examination and evaluation; an incremental process, where the former informs the latter in an iterative process" (Nijhuis & Bobbink, 2012) . The design activities of landscape architecture can have two lines of outputs. One consists of meeting a design-led objective by directly addressing a concrete or site specific assignment. The other contribution can be the development of more generalizable knowledge for landscape architecture for practice. Akin to other design disciplines, designing in landscape architecture can thus produce relevant new knowledge provided it comes up with substantiated general learnings for future designs.
RTD methods developed quite rapidly during the past decade although it seems that often the term 'research' was used in quite random ways. In order to build a sound academic discourse on 'Research through design' in landscape architecture it is now time to take stock of the developments, identify the academically relevant literature and discover the main strands in these developments. Consequently, the main objective of this paper is to explore the State of The Art of RTD in landscape architecture based on the research questions: 2. Brief theoretical framework: basic concepts of 'design' and 'research'
As this review aims at developing design research theory in landscape architecture further, a range of terms needs to be defined. These terms will also guide the selection and discussion of relevant studies in our literature review. Many different definitions exist for 'research' and 'design' but, in this context, we will use the terms as introduced by Glanville (2015) since his terminology is widely used in the design research discourse. Glanville concluded that 'research' in the academic sense means a rigorous and in-depth search for answers to research questions and to conclude with new knowledge (which can also be embodied in an artefact). To sketch the wide range of approaches to 'research' we need to specify the concepts behind different ideas of scholarly research.
To define 'research' in a scholarly sense will use the well-established framework of Creswell (Creswell & Plano Clark, 2011 ). Creswell describes four substantially different worldviews within research: (post)positivist, constructivist, transformative/participatory and pragmatic. These worldviews guide the choice of research methods. The research methods within the (post)positivist paradigm entail mainly quantitative methods that are used to measure an objective reality and are common in the classical sciences. Methods within the constructivist paradigm are of a qualitative nature and support the search for (individual) meanings and interpretations of reality. Transformative/ participatory research methods explore reality together with (members of) society. The latter two worldviews are common in the social sciences, arts and humanities. In the pragmatic approach, the choice of methods is guided by the research questions and consists of a mixture of the first three worldviews. These four approaches to research described by Creswell are transferable to 'research through design' in landscape architecture (Lenzholzer, Duchhart, & Koh, 2013) . Lenzholzer, Duchhart, & van den Brink (2017) suggested that most RTD in landscape architecture should belong to the 'pragmatist' approach but it is not clear if this assertion can be supported by the RTD studies conducted in landscape architecture so far.
Glanville (2015) also differentiated 'design' as a noun and as a verb (see also Steinitz, 1995) . 'Design' as a noun is the outcome of the design process in which a product, i.e. the design, is projected (and sometimes also implemented). 'Design' as a verb means the active projecting of future environments or objects, for instance through drawings or other representations. In landscape architecture the verb 'design' means giving three-dimensional form and function to urban, periurban or rural landscapes. The scale, natural and societal context and the resulting complexity of landscape architectural designs are very different from other design disciplines. Landscape architectural design focuses on creating 'contexts' whereas other disciplines such as industrial/product design or architecture focus on designing single objects. The 'design' action within research (thus the meaning as a verb) can form part of the research process itself, as opposed to analysing finished designs, in the sense of a noun (post hoc).
Methods
To answer our research questions we conducted reviews and analyses of the literature. We gathered the available literature in English language for landscape architecture and the closely related disciplines of urban design and planning.
To answer research question 1 we conducted a literature search in Google Scholar. As the discourse on RTD is rather recent in landscape architecture, we chose this database because it offers a broader selection of literature (including conference papers, MSc and PhD theses or book chapters) that could be relevant for this study. We accessed Google Scholar in March 2017, set out combined search terms and related them with Boolean operation "AND" to find precise matches. The fixed search terms were to be found either in the title, keywords or text body fields, but not in quoted literature or literature descriptions, figure captions, indices, footnotes, as parts of author descriptions or affiliations. The first combination of terms we studied was "research by design" AND "landscape architecture". The term "research by design" has been in use for some time and we expected a broad set of results. The yield using this combination of terms was indeed very extensive. A first quick scan of the literature yielded under search term "research by design" revealed that much of the literature would not meet the criteria needed for answering research question 2. Hence, we narrowed the search of terms to "research through design" and "research through designing" in a next stage of literature search in Google Scholar. In turn, we broadened the field to which RTD can be associated ("urban design", "public design" and "landscape planning").
To answer research question 2, we analysed the literature found in terms of contents and of how far the addressed studies met the requirements of scholarly quality as indicated in the theoretical framework above. Assessing the scholarly quality of the conducted 'research' was based on two sets of criteria. Either the publications had to display a sound embedding in the literature about from other design research fields or they had to follow the classical setup of research in the RTD. This involves: the existence of clearly formulated research questions, a rigorous assessment of different design alternatives or scenarios, and the drawing of conclusions going beyond site-specific learnings.
Literature that did not meet these criteria was excluded from further consideration.
To answer research question 3, we further analysed the remaining publications on their contents in order to derive different types of publications dealing with RTD 'avant la lettre' in landscape architecture, and to identify the considered worldview according to Creswell (Creswell & Plano Clark, 2011) .
Results and discussion
Overall, our literature review of RTD studies in landscape architecture and related fields showed the existence of a large array of studies that offered us a wealth of material for further scrutiny. In the following paragraphs we will address and discuss the results from this literature review for each research question.
Research question 1
The literature search to answer research question 1 ('What are the studies using 'Research by design' or 'Research through design(ing)' methods in landscape architecture and related fields?') yielded 222 publications. This number of publications is far larger than we had expected and it indicates how quickly the Research by/through design terminology has found its way into landscape architecture publications. We noticed that the majority of contributions to the literature come from a rather small amount of countries or regions: Scandinavia, Germany, Netherlands, United Kingdom, USA, Australia and New Zealand. This shows similarities with the RTD discourse in industrial and HCI design (Stappers & Giaccardi, 2017) and might be attributable to a multidisciplinary RTD discourse within the respective regions. We observed that many publications are not from landscape architecture per se but from other somehow related disciplines which might also be influenced by this multidisciplinary RTD discourse. All results of the literature search can be found in appendix (appendix can be obtained via communicating author).
Research question 2
In general, the different search steps yielded some publications that did not strictly match the combined search terms or they did not occur at all in the suggested links. Even though the search terms were precisely determined, it appeared that some search terms were used in a different context in the literature suggested by Google Scholar. The literature associated to these cases was not taken into consideration for further analysis under research question 3. During the second iteration with new search terms, in many cases the search terms either did not appear in the actual texts or were actually related to a different field (e.g. interior design, architecture, human computer interaction, science philosophy). Also, many texts did not address structure, methods and outcomes of RTD processes. Also these texts were excluded from further analysis under research question 3.
The results from scrutinizing all these publications to answer research question 2 ('In how far do these studies qualify as 'Research through design' in a scholarly sense?') shows an interesting picture (see results of this search in appendix, right column). From the 222 publications, we found actually only 59 publications (about one fourth) dealt with RTD in a strict sense as delineated in the scholarly literature. It did not matter if these studies ranged under the search terms "research by design" or "research through design"-the ratio was about the same in both cases. The approximately three quarters of the publications we found that would not match the scholarly criteria showed some commonalities.
We (2005) . Interestingly, Peter Downton (whose quote mentioned above is often misused) actually also laments the misappropriation of the term 'research': "to speak the speak ... and claim that design is research. Without reflection this means nothing" (2003, p.126) . Amongst the publications that did actually meet the criteria to be RTD 'avant la lettre' we observed that a large amount originated from other disciplines than landscape architecture. This indicates the paucity of RTD literature within the discipline itself and points to the need to establish the concepts of RTD more firmly in the methodological discourse of landscape architecture.
Research question 3
To answer research question 3 'What kinds of RTD literature can we differentiate?' we further analysed the literature. We were able to identify a set of different types of publications. In the first place, an obvious difference exists between publications dealing with RTD on a methodological meta-level and publications describing RTD related to specific cases. The results are summarized in Table 1 .
The meta-level of RTD knowledge is represented by studies on a more abstract/general dimension, on the nature of RTD and ways of conducting it. The meta-level publications can be subdivided into two types. One type entails abstracted science philosophical/epistemological reflections on RTD and draws methodological conclusions. These types of studies are denoted in Table 1 (Peleman, Pelger, & Braudel, 2015) . The results were thus region-or site-specific designs. Also more general learnings were distilled from the region-or sitespecific design process and shared with a wider public. These were often textual, general design recommendations. These types of studies are denoted in Table 1 by 'practical RTD: site-specific'.
The second type of practical RTD studies deals with developing generalizable design objects such as prototypes or spatial design guidelines (see Prominski, 2017; Stappers & Giaccardi, 2017) : knowledge that becomes 'embodied' in the design artefact (Cross, 1999) . These types of studies are denoted in Table 1 by 'practical RTD: generalizable prototype'. The third type of practical RTD studies aim at creating new procedural knowledge about design processes. In these studies, the 'how' prevailed over the 'what'. Such knowledge is often of paramount interest for participatory design processes in which types and moments of communicating designs need to be carefully timed. These types of studies are denoted in Table 1 by 'practical RTD: generalizable procedure'.
We were also able to allocate the worldviews (Creswell & Plano Clark, 2011) used in the different RTD studies. We connected the worldviews to the five different types of studies on RTD (see Table 1 ) and found remarkable relations.
In the category 'meta-level: methodology' we observed a predominance of pragmatist approaches. This is a necessary choice as many approaches have to be embraced in meta-studies. However, we also noticed that many publications in this category were not explicit about the choice for a pragmatic approach. In the category 'meta-level: case study' we mainly found constructivist and pragmatist worldviews. Interestingly, the (post) positivist view was underrepresented although it usually constitutes the majority of scientific knowledge production.
On closer inspection of the practical RTD studies in relation to the worldview/research approach, some clear relationships can be identified. When examining 'practical RTD: site-specific' we mainly found studies that used a (post) positivist or a pragmatic approach. Constructivist and participatory cases were underrepresented. The underrepresentation of participatory approaches might be attributable to the fact that almost all the studies embracing participatory approaches can be found amongst the studies 'practical RTD: generalizable procedure'. The 'practical RTD: generalizable prototype' studies tended to focus on (post) positivist approaches. The relative absence of other worldviews is surprising, especially in the light of the rise of 'co-creation' processes in which participatory research plays a major role. The studies that range under the 'practical RTD: generalizable procedure' type tend to use a participatory approach more than the other types. The relative absence of constructivist approaches in the practical RTD cases might stem from the academic contexts in which these studies were carried out. The design schools that are embedded in a scientific context devote more attention to methodology. Given the prevalence of (post) positivist approaches used in these environments they tend to follow that tradition of thought. 
Conclusion
This first stock-taking of the RTD studies in landscape architecture and related fields has yielded an array of studies presented as RTD. Our review of the State of the Art showed, however, that a large part of the publications found would not fit the academic scope of RTD and that the misuse of the term 'research' is rather frequent. Similar inflationary use of terms has been reported in other design disciplines. Research in landscape architecture might end up stepping into the same trap. The young academic discipline of landscape architecture runs the risk of discrediting itself as a proper research discipline. This is a development to be prevented with all means. Assigning landscape architecture an academically sound RTD methodology based on existing research frameworks can take this discipline to the same level of other well-established research disciplines. To build a widely acknowledged basis in landscape architecture RTD, we suggest to found the term 'research' on the well-established methodological research framework by Creswell (Creswell & Plano Clark, 2011) and address its underlying epistemology and worldviews ((post) positivist, constructivist, participatory and pragmatist). Yet, we also see a growing body of literature on RTD that displays an encouraging countermovement by fulfilling academic standards.
A large part of this literature is devoted to creating general frameworks of RTD in landscape architecture in a philosophical sense ('meta-level: methodology'). We noticed that many publications in this category followed a pragmatic approach but that their authors were not explicit about this choice. This phenomenon points towards a lack of embedding studies in the research methodological literature. We suggest that landscape architecture scholars who teach PhD and MSc students make themselves more thoroughly acquainted with research philosophy and methodology to be able to guide young researchers' methodological choices in an optimal way. In the category 'meta-level: case study' constructivist and pragmatist worldviews prevailed. Interestingly, the (post) positivist view was underrepresented although it constitutes the majority of science production. It might therefore be necessary to enhance studies with a (post) positivist approach to state good or typical examples of such studies.
We detected a lack of literature describing how RTD should be carried out in a more practical sense: what should the methodological strategies be in actual RTD projects? Reporting of practical RTD projects and their specific methodological choices needs enhancement to fill this knowledge gap.
In detail, we noticed that site specific RTD and practical RTD for prototypes tended to focus on postpositivist approaches. Both need an enrichment of constructivist approaches, for instance artistic research in landscape architecture. Such approaches that focus on the creation part rather than the analysis part in design processes can be crucial. They can help to develop entirely new and exploratory research and to formulate novel design hypotheses that can form leaps of design knowledge in landscape architecture.
In general, further research should focus on identifying and describing good examples of RTD practice to support design researchers in academia and design professionals practice with a solid frame of reference. Pragmatist research is generally already well represented in the literature. However, we noticed that most authors did not substantiate their choice for this approach which might be attributable to a lack of knowledge or interest in epistemological issues. But as landscape architecture is embedded in different research traditions it is necessary to take clear stances.
A limitation of our study is that only the available digital literature in English language was taken into account that uses the specific vocabulary as mentioned before. However, there are also useful analogue standard works on the topic available in different languages and/or have similar intentions but use more general wording. These have been excluded for the sake of academic rigour but should be taken into account in further research, too.
RTD in landscape architecture holds the power to move the design professionals' ideas from mere personal musings to consistent visions for the future based on evidence-based knowledge. Without proper RTD it is not possible to develop new artefacts -both in an academic or non-academic context. To put it with Sanders and Stappers (2014) , "use making to anticipate the future" is paramount. We need to anticipate future landscape and urban environments able of dealing with great challenges such as climate change or socio-economic shifts. Especially climate change makes RTD necessary -more than ever -in order to find new integrated design and research solutions and to provide design professionals with applicable knowledge as soon as possible.
